The Hydrogen Analyzer AV-1 equipped with the high resolution registration system has been used to measure the kinetics of hydrogen extraction and thus to distinguish the different states of hydrogen in metals. The hydrogen distribution between the various energetic states as measured in the pipe line ferrite-pearlite steels being in service for different time has been shown to depend on conditions and on time of exploitation. Results of such measurements may be used for assessing the life time of industrial installations.
INTRODUCTION
Hydrogen content in metals has been generally measured at its desorption from specimens heated in vacuum (vacuum extraction) or in nitrogen flux (Leco method). In both cases the total content of hydrogen in the metal has been mostly evaluated. The specially designed Hydrogen Analyzer AV-1 ® equipped with the high-sensitive magnetic mass spectrometer tuned to record hydrogen and with the digital recording and processing systems allows the precise measurement of hydrogen escaping from the samples and thus to record the kinetic of hydrogen extraction. The minimum recordable hydrogen flux (8x10 -9 m 3 Pa/s) corresponds to sensitivity of measurements less than 0.01ppm of hydrogen with the error under 3% [1] . The recorded hydrogen extraction curves reveal several maxima (Fig. 1) . Each maximum corresponds to the escaped portion of hydrogen bound in metal with different binding energy (different trapping efficiency). Under some conditions, not only the amount of hydrogen bound with specific traps but also the binding energy with those traps can be calculated [2, 3] . time of extraction, s amount of desorbed hydrogen, a.u. The absorption of hydrogen evolving in corrosion of ferrite-pearlite steels of the oil and gas pipe lines leads to the change of the steels structure [4] . As a result, in the course of exploitation, the hydrogen trapping efficiency of steel and thus, the hydrogen distribution between the different traps have been modified [5 -7] . Since the state of hydrogen in metal (diffusible, bound to traps of various binding energy) affects the plasticity loss, the knowledge of hydrogen distribution may be used for evaluation the level of the steel degradation. In the case of fatigue tested Al specimen and thermomechanical cycled Ti tube the metal cracking has been shown to be proceeded by the hydrogen redistribution between the traps: the hydrogen occupancy of the low energy sites close to the crack was much higher than that in the metal apart from the crack [2, 3] .
In present work the hydrogen distribution between the various energetic states in ferrite-pearlite steels exploited in different pipelines as measured by the kinetic vacuum extraction, has been evaluated and discussed.
MATERIALS AND EXPERIMENTAL PROCEEDURE
The ferrite-pearlite steel (0.1%C, 1-2%Cr, 1%Mn type) from two pipes (A and B) exploited for different time and as received steel A were studied. In the case of both pipes the deposited sour water caused the corrosion of the inside bottom surface (site 2, Fig. 2 ). The sites of the specimens cutting from pipes is shown in Fig. 2 . In order to evaluate the differently bound hydrogen more precisely, the following procedure was applied to each sample:
-fast (several seconds) heating to 530 0 C and keeping for about 1600 s; -second fast heating to 750 0 C without opening the apparatus C for about 3000 s; -third fast heating to 850 0 C without opening the apparatus for about 3000 s. During each step, the amount of escaped hydrogen was recorded. For comparison, the hydrogen extraction was also done at 600 0 C in apparatus where escaped hydrogen has been permeated through the Pd filter (static extraction). The obtained results of extraction were compared with the evaluated and described elsewhere [5] [6] [7] [8] state of the material degradation of studied pipes. 
RESULTS AND DISCUSSION
The examples of the hydrogen desorption spectra recorded at different temperature for the same specimen, are shown in Fig. 3 .The areas under the peaks correspond to the amount of hydrogen desorbed at given temperature. It is seen that some amount of hydrogen has been escaped from the material at its heating to higher temperature. The areas of deconvoluted peaks for specimens 1 and 2 of pipe B are presented in Fig. 4 . From specimen B-2 the much higher amount of hydrogen escaped at longer heating than from specimen B-1, revealing that the higher amount of hydrogen has been accumulated in deep traps in specimen B-2 than in specimen B-1 [2, 3] . (Figs 5b and 5d ). Hydrogen content desorbed at 850 0 C was negligible for all specimens (Fig. 6 ). As seen in Fig. 6 , the total hydrogen amount recorded at kinetic measurements is quite similar to that measured at static extraction at 600 0 C. However, in the first case not only the total hydrogen content but also its distribution between the traps can be evaluated
From presented results it follows that in the course of the pipe line exploitation, the ratio of deeply trapped hydrogen to the total hydrogen content increased (Figs. 5, 6 ). This might be associated with the stated earlier change of the ferrite lattice parameters [5, 6] and increase in the hydrogen trapping efficiency [6, 7] of the exploited material in comparison with as received one. The hydrogen distribution has been found also to depend on exploitation conditions (Fig. 4) : the higher ratio of deeply trapped hydrogen occurred in exposed to the aggressive medium material of site 2 (Fig. 2) . It should be noted that during exploitation of pipeline steels their mechanical properties decreased [5, 6] and susceptibility to hydrogen induced blistering increased [7] . Especially pronounced degradation revealed material of site 2 [5] [6] [7] [8] . Therefore, the hydrogen accumulation in deep traps presumably assisted the material deterioration during the pipe exploitation. By kinetic hydrogen extraction the level of material degradation may be evaluated.
The above results seem to contradict the data [2, 3] showing the high hydrogen occupancy of the low energy sites, close to the cracks. However in present studies, the hydrogen distribution has been measured in the steel not subjected to straining. At the active straining (including the mechanical and thermo-mechanical tests) deeply trapped hydrogen present in the metal might be liberated and assisted the metal cracking. The studies of the effect of straining on the hydrogen distribution between the traps and being in progress may deliver the information for deeper understanding of hydrogen assisted cracking.
CONCLUSIONS
1. Kinetic measurements of hydrogen extraction by Hydrogen Analyzer AV-1 allow evaluation the hydrogen distribution between the various energetic states in metal. 2. Hydrogen distribution among the traps in the pipe line ferrite-pearlite steels depend on the conditions and time of exploitation. Increased ratio of deeply trapped hydrogen corresponds to the decrease in mechanical properties of material in service.
